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Abstract 

The  possibility  of  employing  ionising  radiations  in  certain  doses  to 
kill  microorganisms  was  used  to  produce  vaccines  against  intestinal  infec¬ 
tions  and  also  to  obtain  from  these  bacteria  antigens  capable  of  being  used 
as  chemical  vaccines.  Typhoid  fever  and  dysentery  radiovaccines  and' radio¬ 
antigens  were  prepared  and  the  effect  of  various  gamma-ray  doses  on  their 
toxicity  and  their  antigenic  and  immunogenic  properties  was  tested.  The 
doses  used  did  not  change  the  properties  of  these  products  as  compared  with 
those  of  vaccines  and  antigens  produced  by  conventional  means.  The  paper 
also  discusses  the  possibility  of  using  radiation  to  sterilise  the  already 
prepared  vaccines  and  antigens  including  radlovaeclnes  and  radio-antigens, 
a  ni  tax  ins,  antitoxic  serums  and  nutrient  media  for  the  culture  of  microorgan¬ 
isms.  Date  on  the  irradiation  apparatus  used  for  these  lnvaatlgatiorm  are 
reported. 


The  property  of  ionising  radiations  to  produce  bacteriostatic  or  bac¬ 
tericidal  effect  with  certain  irradiation  doses  may  be  utilised  in  the  produc¬ 
tion  of  bacterial  preparations.  Two  ways  of  utilising;  the  radiation  are  con¬ 
templated:  firstly,  for  sterilising  vaccines,  antigens',  serves  and  nutrient 
media  in  the  process  of  their  preparation  or  in  finished  form  and,  secondly, 
for  obtaining  vaccines  and  antigens  from  microorganisms  killed  by  irradiation. 

At  the  present  time,  the  expediency  of  radiation  sterilisation  in  vari- 
ours  branches  of  medical  industry,  including  the  production  of  bacterial  prep¬ 
aration^  does  not  need  confirmation.  Dowevfr  the  \me  of  radiation  for  killing 
microorganisms  with  the  aim  of  preparing  asm  types  of  corpuscular  and  chemi¬ 
cal  vaoolass,  the  so -called  *radiova coins* *  and  *radlnantlgens*  needs  serious 
proof. 
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Conventional  methods  of  killing  microorganisms  for  the  manufacture 
of  preparations  widely  used  in  the  prevention  of  infectious  diseases  of  man 
and  animals  are  for  the  most  part  unsatisfactory.  The  most  widely  used  meth¬ 
ods  are  the  action  of  various  chemical  substances  on  a  bacterial  cell  and 
effect  of  heating.  In  doing  so,  many  cellular  antigens  responsible  for  the 
creation  of  complete  immunity  in  the  organism  are  destroyed.  Therefore, 
the  search  for  new  chemioal  substances  or  new  physical  factors  which  would 
have  bactericidal  effect  while  retaining  in  doing  so  the  high  antigenic  and 
Immunogenic  properties  of  a  live  microorganism,  continues.  In  spite  of  the 
relatively  high  radio  resistance  of  microorganisms  to  ionising  radiation, 
irradiation  of  microorganisms  has  drawn  the  attention  of  a  considerable  num¬ 
ber  of  researchers. 

We  used  ionising  radiations  for  the  preparation  of  vaccines  (anti¬ 
typhoid-fever  and  antidysentery  vaccines).  Controulis  et  al.  and  Troitskiy 
et  al.  used  radiation  for  the  preparation  of  diphtheria  anatoxin;  Trarub  et 
al.  obtain  a  vaccine  against  rabies;  Folley  furnished  experimental  proof 
for  vaccine  against  lnfluensa  and  parotitis. 

Data  furnished  by  Schwarts,  Tisler,  Golds  et  al.  and  by  others  on  the 
use  of  radiation  for  the  preparation  of  vaccines  from  helminths  are  of  con¬ 
siderable  Interest. 

The  work  on  the  preparation  of  a  vaccine  against  hookworm  (Dow  et  al.) 
with  the  help  of  ionising  radiations  is  extremely  important. 

However,  radiovaccines  and  radioantigens  must  meet  the  main  require¬ 
ment  —  not  to  be  more  toxic  in  comparison  with  the  preparations  made  by  con¬ 
ventional  methods  and  not  to  Impair,  their  iasunogenio  properties. 

In  view  of  the  fact  that  vaccines  are  widely  used  for  the  prevention 
of  intestinal  infections  we  set  for  ourselves  the  task  of  investigating  the 
possibility  of  using  radiation  for  the  preparation  of  antityphoid-fever  and 
antidysentery  radlovaeoines. 

Doses  of  from  U  •  10^  to  6  •  ID5  rad  killed  all  of  the  strains  of  the 
typhoid-fever  and  dysentery  bacteria  that  we  tested.  However,  for  the  prep¬ 
aration  of  radiovaocine  irradiation  was  done  in  the  doses  of  1.5-2 .0  Mrad. 

Irradiation  was  done  on  an  experimentation  apparatus  with  radioactive 
cobalt.  The  apparatus  consists  of  two  adjacent  pools  filled  with  water.  The 
small  pool  is  designed  for  auxiliary  operational  reception,  assembly  and  stor¬ 
age  of  the  sources.  In  the  wall  adjacent  to  the  operating  pool  is  arrayed 
a  sluice  gate  designed  far  the  transmission  by  the  source  from  the  auxiliary- 
pool  into  the  operating  pool. 

Two  chambers  for  irradiation  of  the  objects  are  built-in  hermetically 
in  the  front  wall  of  the  large  operating  pool.  Two  pipes  whieh  serve  as  the 
guides  for  the  carriages  oariying  the  irradiation  eouroea  are  installed  on 
the  edges  of  the  pool.  Radiation  sources  are  assembled  into  devices  resemblirg 


Figure  1.  Seperimentation  apparatus. 

a  "squirrel  wheel*.  They  are  acred  up  to  the  chambers  for  irradiation.  Mov¬ 
ing  of  the  carriages  with  the  souroes  is  aoeonplished  by  eleotromeohanioal 
drives  by  means  of  chain  traction.  Controlling  of  the  motion  of  radiation 
souroes  is  done  from  a  benchboard.  A  set  of  eobalt-60  preparations  has  a 
total  activity  of  >0,000  ovrls  and  provides  a  power  of  a  dose  of  vp  to  10,000 
rad/ain. 

Bm  loading  of  the  objects  into  the  ohambsre  for  irradiation  is  done 
from  the  side  of  the  front  wall  of  ths  operating  pool.  At  this  time  the  pro- 


teetive  door  covering  the  hatches  of  the  chambers  is  open  and  the  radiation 
sources  are  at  the  pool  end  which  is  away  from  the  chambers.  Protection  of 
personnel  doing  the  loading  is  done  by  a  layer  of  water  with  a  thickness  of 
2,500  mm.  After  loading  the  objects  the  j>ersonnel  moves  into  the  benchboard 
room  and  from  there  oontrdLa  the  apparatus*  closes  the  protective  door  and 
moves  the  radiation  source  into  the  operating  position. 


TAKE  !•  TOXIC mr  OF  VACCINES 


Mie  apparatus  is  provided  with  blocking  and  signaling  devices.  Ion- 
,  It0®11*  ®arking  8X0833  gamma-ray  background  over  the  Dermissible 

ievel  with  a  light  or  audible  signal  are  installed  in  all  rooms.  The  audible 
duplioated  **  tb®  control  room.  Signaling  of  the  position  of  the 
radiation  sources  and  protective  doors  is  grouped  on  the  control  board.  The 
apparatus  is  provided  with  two  time  relays  which  automatically  turn  it  off 
upon  the  expiration  of  the  exposure  time. 

.  ,Th8,T8S^off  of  the  daily  agar  culture  of  typhoid^fover  or  dysentery 
bacterim  (30-70  billion  miarobe  bodies  in  1  milliliter  of  physiological  so¬ 
lution)  was  irradiated  in  glass  flasks  (100-200  milliliters)  or  retorts  (l  li¬ 
ter).  Irradiated  bacteria  were  used  for  vaccine  preparation  or  else  various 
antigens  or  antigenic  oomplexex  were  extracted  from  them. 

To  judge  the  quality  of  the  preparations  obtain'd  their  antigenic  and 
immunogenic  properties  were  tested  and  also  their  capacity  to  retain  V  anti¬ 
gen  and  toxioity.  . 

...  .  *  Jb*  praparations  was  determined  by  the  deaths  of  the  animate 

with  in trs peritoneal  and  subcutaneous  administration  of  various  doses  of  the 
bei“«  Investigated,  in  a  volow  of  0.5  milliliters  for  mice  and 
.  .11  *■•'***■*  *lio  by  cutaneous  reaction  to  Intraoutaneous  ad- 

■iaimtratlMi  of  the  preparations  to  rabbits,  k  comparison  was  made  of  the 
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TABUS  2.  TCKICITY  OF  ANTIDENS 
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usual  formalin-treated  and  heated  vaccines  with  the  vaccines  prepared  f tan 
microbes  killed  by  irradiation  ("radiovaccines")  and  with  the  usual  formalin- 
treated  vaccines  subjected  to  irradiation  with  the  aim  of  sterilisation 
(Table  1). 

It  was  found  that  radiovaccines  or  vaccines  subjected  to  irradiation 
with  the  aim  of  sterilisation  did  not  differ  in  toxicity  from  the  usual  for¬ 
malin-treated  vaccines . 

The  toxicity  of  typhoid-fever  vaccines  was  also  investigated  by  the 
cutaneous  reaction  on  rabbits •  The  vaccines  were  adninistered  intrao utane— 
ously.  With  respect  to  the  degree  of  cutaneous  reaction  the  vaccines  may  be 
arranged  in  the  following  order  t  formaldehyde-killed  vaccine,  radiovaocine 
prepared  of  microbes  killed  by  1.5  Hr  ad,  heated  vaccine  and  radiovaocine  made 
of  microbes  killed  lay  1  Hr  ad.  In  comparison  with  the  reaction  to  the  admin¬ 
istration  of  conventional  vaccines  reaction  to  the  administration  of  radio¬ 
vaccines  was  characterised  by  a  later  appearanoe  of  infiltrate,  by  its  siller 
dimensions  and  by  sa  absence  of  necrosis. 

The  liquid  portico  of  imdlovaeoinss  did  not  produce  the  formation  of 
infiltrate  whereas  the  liquid  portion  of  vaooines  prepared  by  conventional 
method  produeed  formation  of  a  dense  infiltrate  of  oonsiderabls  dimensions. 


TABLE  3.  TOXIC  ITT  OF  ANTIGENS 


which  would  not  disappear  for  a  week.  This  makes  it  possible  to  consider 
radiovaocines  to  be  lews  reactogenic  in  comparison  with  heated  and  formalin- 
treated  vaccines. 


Ana phyla  otogenic  properties  of  the  vaccines  prepared  were  tested  in  a 
series  of  experiments.  Formaldehyde -killed  vaccine  and  vaccine  made  of  mi¬ 
crobes  killed  with  1.5  Mrad  produced  a  reaction  with  necrosis  in  Snarelli- 
Schwartsaan  phenomenon  when  investigation  was  conducted  in  the  course  of  one 
month  after  the  preparation  of  vaccines.  However,  if  the  vaccines  were  ex¬ 
amined  in  2  or  more  months,  then  neither  the  radiovaocines  nor  the  conven¬ 
tionally  prepared  vaccines  produced  Sanarelli-Schwartiman  phenomenon. 

Da  testing  the  toxic  properties  of  antigens  prepared  Aram  microbes 
killed  br  Irradiation  it  was  found  that  radioantigens  are  less  toxio  in  com- 


paricon  with  antigens  prepared  from  formalin-treated  microbes  or  from  mi¬ 
crobes  not  subjected  to  killing  before  the  preparation  of  the  antigen  (Table 
2).  However,  if  irradiation  was  used  on  an. already  prepared  antigen  obtained 
from  formalin-treated  microbes,  then  with  respect  to  toxic  properties  it 
eithor  did  not  differ  from  an  unirradiated  antigen  or  was  more  toxic  than 
the  latter*  The  same  results  were  obtained  in  the  experiments  on  rats 
(Table  3). 

Investigation  of  antigenic  properties  of  radio  vaccines  was  carried 
out  on  rabbits.  Groups  of  rabbits  (of  5  animals  in  each  group)  were  inmun- 
ized  three  times  with  7 -day  intervals  by  means  of  subcutaneous  injections 
of  the  vaccine  (Table  4). 


TABLE  it..  AGGLUTININS  (RABBITS 
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TABUS  5*  IMMUNOGENIC HT  OF  RADIOVACCINES 


We  determined  agglutinins  in  the  serum  of  immunized  rabbits  in  7  days 
after  the .first  injection-,  in  7  days  after  the  second  injection  and  in  7,  Hi, 
21,  and  $0  cL  •’3  after  tn *  third  injection  of  the  vaccine. 

Radiovaccines,  both  the  dysentery  and  typhoid-fever  vaccines,  pro¬ 
duced  formation  of  antibodies  (agglutinins).  The  average  titers  of  serums 
in  rabbits  immunized  with  typhoid-fever  radiovaccine  hardly  differed  from 
those  found  in  rabbits  immunized  with  the  usual  typhoid-fever  formaldehyde- 
killed  vaocine.  In  regard  to  dysentery  radiovaccine  observations  showed 
even  a  certain  increase  in  the  average  titers  of  the  serums  in  comparison 
with  those  of  the  serums  of  rabbits  immunized  with  the  usual  dysentery  for¬ 
maldehyde-killed  vaccine.  Thus,  microbes  killed  by  irradiation  did  not  lose 
their  antigenic  properties  and  radiovaocines  produced  formation  of  antibodies 
like  the  usual  vaccines. 


TABUS  6.  BOiONOGENlCITY  OF  RADIOVACCINES 
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TABIE  7.  BMUNOGENICITY  OF  RADIOANTTGENS 


TABLE  8.  PREVENTIVE  PROPERTIES  OF  SERA 
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Immunogenic  properties  were  studied  on  mice.  Immunization  with  d/s** 
entery  vaccines  was  done  subcutaneously,  twice  with  an  interval  of  5  days. 

Inoculation  with  different  doses  of  dysentery  bacteria  was  done  intra- 
peritoneally  7  days  after  the  completion  of  Immunization.  Immunization  with 
typhoid-fever  vaccines  was  done  once  under  the  skin.  Lmnunized  mice  were  in¬ 
fected  intraperitoneally  ID  days  after  the  injection  of  the  vaccine. 

Dysentery  radiovaccine  did  not  differ  in  its  immunogenic  properties 
from  the  usual  formalin-treated  vaccine  (Table  8).  For  example,  the  resist¬ 
ance  index  of  dysentery  radiovaccine  was  equal  to  2.9  and  that  of  formalde¬ 
hyde-killed  vaccine  —  to  3»  However,  if  an  already  prepared  formaldehyde- 

killed  vaccine  was  subjected  to  irradiation  its  immunogenic  properties  de- _ 

clined  in  comparison  with  the  usual  formaldehyde-killed  vaccine  which  had 
not  been  subjected  to  irradiation  (resistance  index  was  U.2  and  5.U  respec¬ 
tively). 

Tests  were  made  of  the  typhoid-fever  vaccine  made  from  the  microbes 
of  the  strain  Ty2  using  different  methods  of  preparations  heated,  formalin- 
treated,  radiovaccine  made  from  microbes  killed  with  l’ltrad  and  a  radiovac¬ 
cine  made  from  microbes  killed  with  1.5  Mrad  (Table  6).  Immunization  of  mice 
and  rats  was  done  once,  subcutaneously. 

Ir 'oulation  was  done  ID  days  after  immunization  with  different  doses 
of  a  live  culture  of  typhoid-fever  bacteria  in  a  semiliquid  agar.  In  testing 
the  ismunogenio  properties  $0  animals  were  used  far  each  vaccine. 
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The  data  cited  indicate  that  irradiation-killed  microbes  retained 
longer  than  the  usual  vaccines  the  capacity  to  produce  in  organism  upon 
immunization  a  state  of  immunity  to  an  infection  with  live  microbes . 

The  same  conclusion  may  be  drawn  both  far  antigens  prepared  from 
irradiation-killed  microbes  and  far  irradiated  antigens  prepared  from  for¬ 
malin-treated  microbes  (Tbble  7)» 

Rats  were  immunized  with  typhoid-fever  antigens  twice  subcutaneously 
with  a  7-day  interval. at  a  rate  of  0.25  milligrams  of  antigen.  Infection 
was  done  intraperitoneally  10  days  after  the  completion  of  immunization  with 
different  doses  of  a  live  culture  of  typhoid-fever  microbes.. 

Mice  were  immunized  with  typhoid-fever  antigens  twice  subcutaneously 
with  an  Interval  of  7  days  at  a  rate  of  0.1  milligram.  Infection  was  done 
intra 


imunity  was  lower  with  respect  to  the  level  of  immunity  in  animals  immunized 
with  antigen  obtained  from  formalin -treated  typhoid-treated  microbes  (a  re¬ 
sistance  index  of  more  than  16).  In  the  experiment  on  mice  the  radioantigen 
proved  to  be  mors  effective  than  the  usual  antigen.  The  resistance  index  was 
1131  and  3000. 

lb  determine  the  capacity  of  radiovaccines  to  produce  in  the  organism 
being  inoculated  the  formation  of  preventive  antibodies,  rabbits  were  immun¬ 
ized  thrice  subcutaneously  with  the  vaccine  in  the  doses,  of  0.5  and  1  billion 
microbe  bodies  with  an  interval  of  7  days.  One  week  after  the  completion  of 
.immunization  the  preventive  properties  of  rabbit  serins  were  tested}  a  mixture 
of  serums  was  ackninistered  to  mice  subcutaneously  in  the  amount  of  0.25  milli¬ 
liters;  U  hours  later  mice  were  infected  intraperitoneally  with  different 
doses  of  a  live  typhoid-fever  culture  in  agar.  A  determination  was  qade  of 
the  dose  of  microbes  producing  a  50 -percent  loss  of  the  animals  to  which 
serve  had  been  administered  before  the  infection,  and  that  of  the  control 
animals  to  which  serun  had  not  been  administered  (Table  8). 

With  the  aim  of  determining  the  capacity  of  radioantigens  to  produce 
in  the  organism  the  formation  of  preventive  antibodies,  rabbits  were  immun¬ 
ized  in  the  following  manner  t  first  injection  —  0.1  milligram  subcutaneously, 
the  following  6  injections  were  made  intravenously  with  an  interval  of  5  days 
in  Increasing  doses  —  0.2,  0.1},  0.6,  0.8,  1  and  1  milligram.  A  test  of  the 
preventive  properties  of  the  serums  was  made  2  weeks  after  the  completion  of 
immunization. 

With  respect  to  preventive  properties  the  serins  of  rabbits  obtained 
by  immunisation  with  ra diova ocino  from  microbes  killed  with  1  Mrad  did  not 
differ  from  the  s  arums  obtained  by  immunization  of  the  rabbits  with  heated 
vaccine.  An  Increase  of  irradiation  dose  to  2  Mr  ad  brought  about  a  lowering 
of  the  capacity  of  the  radiovaccine  to  produce  the  formation  of  preventive 
antibodies  In  the  organism.  However,  antigens  obtained  from  miarobss  irrad- 


iated  with  2  Urad  did  not  differ'  from  the  usual  antigens  —  in  both  cases 
the  resistance  index  was  equal  to  U2.6. 


For  a  characterisation  of  the  properties  of  radiovaccines  the  ques¬ 
tion  of  retention  in  then  of  V  antigen  is  of  great  interest.  The  effect  of 
irradiation  on  V  antigen  in  microbe  bodies  was  determined  with  the  aid  of 
hemagglutination  reaction  (Table  9). 

The  wash-off  from  agar  of  a  2U-hour  culture  of  typhoid-fever  microbes 
(Ty^)  was  divided  into  3  portions  out  of  which  one  was  subjected  to  irradia¬ 
tion  with  1.5  Urad,  the  second  was  treated  with  formalin  and  the  third  was 
left  in  the  form  of  a  suspension  of  live  microbes. 

With  an  irradiated  culture  of  microbes  the  hemagglutination  reaction 
was  both  quantitatively  and  qualitatively  nearly  the  same  as  with  a  culture 
of-  microbes  not  subjected  to  any  influences . 

The  results  of  the  experiments  carried  out  give  us  grounds  to  consider 
that  gamma  radiation  may  be  used  both  for  the  preparation  of  intestinal  vac¬ 
cines  and  antigens  and  for  the  sterilisation  of  respective  finished  bacterial 
preparations  since  even  large  doses  of  gamma  rays  did  not  change  or  hardly 
changed  the  antigenic,  immunogenic  and  tado  properties  of  bacteria  in  the 
intestinal  group. 
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